Indraratna [15] and Pourakbar et al. [30] . The prepared samples were then sealed using a 23 double layer of plastic wrap and kept in a room with controlled temperature for the different 24 curing times (0, 4, 7, 14, 28 and 35 days) . To ensure homogeneity of the sample and the uniformity of the density at the total height of the sample, several prepared samples were 1 divided using a narrow saw to six to eight parts. Then the weight and volume of each part 2 were measured. Finally, the density of each part was calculated and it was observed that the 3 difference in density of different parts of the sample from the target density was not 4 considerable. Therefore, the prepared samples were considered as homogeneous samples.
5
To examine the swelling characteristics of untreated and LS-treated samples, free 6 swelling tests were conducted on the samples based on ASTM D-4546 [31] . Free swelling 7 test specimen was remoulded uniformly under static compaction in three layers (50 mm in 8 diameter and 20 mm in height) similar to the previous described method for the UCS test 9 sample preparation and based on ASTM D-4546 [31] proposal.
10
Consolidation properties of untreated and LS-treated specimens were determined 11 using one dimensional consolidation apparatus based on ASTM D-2435 [32] . The test 12 samples were prepared exactly similar to the swelling test specimens. In both swelling and 13 consolidation tests, the effects of changes in density (90% and 95% MDUW), compaction 14 moisture content (optimum and optimum ± 2%) and cyclic wetting and drying on the volume 15 change of the soil were evaluated. Similar to the work done by , wet 16 and dry cycles were conducted using consolidation ring within the consolidation apparatus.
Results and discussions 1

4.1.Atterberg limits tests 2
The results of the Atterberg limits tests on expansive clay mixed with different contents of LS 3 are shown in Table 3 [23]. The PL of the clay did not change considerably with the addition 4 of LS and remained almost constant, whereas the LL of the clay decreased significantly (from 5 55% to 39%). This led to a considerable reduction (15%) in the PI of the soil (from 29% to 6 14%) at 0.75% LS addition [23] . However, an increas in LS beyond 0.75% adversely 7 changed the soil characteristics. For example, at 4% LS, the LL decreased to 44% with a 8 consequent decrease in PI to 18%. This result was related to the repulsive forces in the 9 charged sections of the soil-LS mixture that did not contribute to stabilization [23] Table 4 shows the results of the compaction test for untreated and LS-treated expansive clay.
23
The MDUW of the stabilized expansive soil decreased slightly and the OMC increased 24 slightly with an increase in LS content [23] . This reduction in the MDUW can be ascribed to the decrease in LS specific gravity. The specific gravity (Gs) of the clay was 2.7, and when 1 this soil was mixed with 0.75 % of LS with Gs=0.34, then the Gs of the soil-LS mixture 2 based on weighted averaging of the specific gravity of soil and LS was reduced to 2.67. With 3 an easy calculation, it can be seen that this reduction of Gs, which is also negligible, causes a 4 slight decrease in the amount of MDUW. These performed computations confirm the 5 obtained results from the compaction tests. and dry cycles that causes to the lesser orientation of structural members due to the 9 aggregation of soil structure during the layering. Actually, due to this factor, ability of 10 water absorption is reduced and thus the swelling percentage decreased.
11
 For both untreated and treated samples, the maximum decrease in swelling percentage 12 is occurred after 1 cycle of wet and dry. This means that the maximum change in soil 13 structure (that stated above) is occurred in cycle 1 of wet and dry.
14  The decrease in the swelling percentage of the treated sample is lower than the 15 untreated one. In this case, because of existence of cementation between soil particles 16 that created due to the stabilization, lesser change is occurred in soil structure.
17
 For LS-treated sample, after 2 cycles of wet and dry, the swelling percentage permitted the sample to dry to its initial moisture content (i.e. specimens were permitted to 7 partially shrink to about their initial height). On the other hand, the soils in the studies of Table 5 .The values of the coefficient of consolidation indicated in Table 5 index was calculated as 0.0316 and 0.0248, respectively, which is also indicated in Table 5 . 6 Actually, due to the stabilization of expansive soil of Amol with LS, the compression and 7 swell index of it was reduced. Reducing these indexes means that the settlement and swell of 8 stabilized sample is lower than the untreated one. Based on this reduction, it can be 9 concluded that stabilization with LS improves consolidation properties of the soil. This As can be seen from the Table 5 , for untreated soil with 95% MDUW, the specimen with 3 lower moisture content has greater compression and swell indexes. In other word, the 4 untreated specimen with lower moisture content has a steeper slope in consolidation curve.
5
With increasing specimen moisture contents, the slope of the curves is reduced.
6
In expansive soils, a greater change in moisture content, indicates a higher degree of 7 disturbance in soil structure. However, the impact of disturbance on the consolidation 
23
Based on the Table 5 , it is clear that for untreated soil, with decrease of density from 24 95% to 90% for specimens with same moisture content of 21.3%, the value of compression index was increased from 0.203 to 0.216 and swell index was reduced from 0.0316 to 0.0251.
reduces the soil coefficient of consolidation.
The effect of compaction moisture content of the sample on the consolidation behavior 24 of a stabilized soil has a different trend than untreated soil. Based on the differ from the expansive soil and this soil will show a behavior like a non-expansive soil.
7
The variation of compression and swell indexes for LS-treated specimens with same 8 moisture content and different densities are shown in Figure 12 . With decrease of density, as 9 stated before, due to the loosening of the soil texture and the greater distance between 10 particles, the soil compressibility increases and its swell properties is decreased. For this 11 reason, with decreasing density, compression index of the soil increased and its swell index is 12 decreased.
13
The trend of variation of coefficient of consolidation for LS-treated soil with change of 14 compaction moisture content and density is similar to the untreated one. Generally, the 15 consolidation coefficients of the treated samples are lower than the untreated samples due to 16 the lower permeability of the stabilized specimen. 
4.9.Effect of Wet/Dry Cycles on the Consolidation Parameters
18
The variation of compression and swell indexes of untreated and treated samples with density increases. This increase can be attributed to the continuous rearrangement of particles during 23 the wet and dry cycles that leads to the getting away of particles from each other in the soil 24 structure and thus reduces its density [33] . In fact, due to this factor, the volume of empty voids in the soil structure increases and as a result, the compression index increases. Also, 1 according to this figure, it is clear that the maximum increase of compression index occurred 2 after one cycle of wet and dry, and after this cycle, the rate of increase of compression index 3 was reduced. Actually, the maximum change in the soil structure as a result of wet and dry, 4 was occurred after one cycle of wetting and drying.
5
The swell index of untreated sample (Figure 13a ) was reduced by increase of wet and 6 dry cycles. As stated above, because of wet and dry cycles the density of sample is reduced.
7
As indicated in the section of swell tests, diminishing the sample density reduces its swelling.
8
Similar to changes in the compression index, the maximum decrease in the swell index 9 occurred during the first cycle of wetting and the drying and then decreased with a slight 10 slope.
11
The compression index of LS-treated specimen (Figure 13b ) is increased by increase of 12 wet and dry cycles. The reason of this increase is similar to the untreated one that was with the release of the stabilizing agent, the bonds between the soil particles is lost and the 22 change in the soil structure has increased.
23
The variation of swell index of LS-treated sample because of wet and dry cycles also is 24 shown in Figure 13b . The swell index of LS-treated specimen has decreased until 2nd cycle of wet and dry. The reason of this reduction is same to the untreated sample. After the 3 cycle 1 of wet and dry, the trend of variation of swell index has reversed and increased. As stated 2 above, during the wet and dry cycles, the stabilizing agent was gradually deteriorate. So, after 3 the 3 cycle of wet and dry, probably the maximum release of stabilizing agent occurs and the 4 sample has behaved like untreated specimen. At the section of swell tests it was determined 5 that the swell percent of LS-treated sample is lower than the untreated one. Actually, after 3 6 cycles of wetting and drying, the stabilized sample is converted to the untreated sample and 7 so the swell index increase can be attributed to this factor. At cycle 4 of wet and dry, again, 8 the swell index has reduced. Actually, at this step, the sample has behaved like untreated 9 specimen and its structure was changed that this leads to reduce of its density and as a result, 10 the swell index of the specimen has decreased. 
Effect on Microstructure
12
The 4000 SEM images of untreated and LS-treated clay were used to examine the effect of 
Conclusion 1
In this research, the effect of LS on the volume change behavior of expansive soil was 2 investigated. The most important results can be summarized as follows:
3
(1) With the addition of LS, the PL of the soil did not change considerably and almost 4 remained constant, whereas LL of the soil decreased significantly from 55% to 39%.
5
This significantly decreased (15%) the PI of the soil (from 29% to 14%) with the 6 addition of 0.75%. This decrease in the PI of the soil altered the category of the soil 7 from highly expansive to intermediate. However, an increase in the LS-percentage to 8 above 0.75% adversely affected the soil properties.
9
(2) By treatment of the soil with 0.75% of LS, the swelling percentage and swelling 10 pressure of the clay reduced from 2.59% to 1.73% and 33 kPa to 25 kPa, respectively.
11
The decrease in the stabilized soil PI suggests that the soil wettability decreased,
12
causing a decrease in the swelling percentage. 
